High-voltage electron microscopy of human diploid fibroblasts during ageing in vitro. Morphometric analysis of mitochondria.
Since recent studies have suggested a diminished mitochondrial functional capacity in late-passage ('old') compared to early-passage ('young') normal fibroblasts and fibroblasts from the Hutchinson-Gilford (progeria) syndrome of premature ageing, we analysed whole-cell preparations on the high voltage electron microscope to look for mitochondrial and related defects. All strains examined showed considerable heterogeneity in cell size and intracellular morphology. Mitochondria were readily seen in all cells, predominantly as long slender rods with frequent branching, but occasional circular and saccular forms were also evident. Various parameters of mitochondrial mass including mean number, weight, and total length of mitochondria per cell weight tended to increase in old and progeria cells, but only the former attained statistical significance due to the heterogeneity and consequent variance. A significant finding was the decreased width of mitochondria in old and progeria cells. Cystic blebs were evident in mitochondria of some cells with an apparent increase in old and progeria fibroblasts. These blebs appeared to be due to weakening of the inner membrane, allowing dilatation of the outer membrane which otherwise appeared intact. The number of osmiophilic inclusions per cell weight, particularly lipofuscin granules and autophagic vacuoles, was significantly increased in old and progeria cells. In conclusion, despite some morphological changes, mitochondria of old and progeria cells maintain a structurally and bioenergetically adequate mass compatible with continued cellular viability.